The energy challenge is critical for todays'world. This is due to the finite amount of fossil fuel and to the growing energy demand of emerging countries. At the same time global warming appears to be the threat of the century. This is why the European Union has taken a strong commitment to reduce its CO2 production in the coming years and to develop low carbon energy production. Nuclear energy appears necessary in order to satisfy the demand of energy of tomorrow's world, at least in a transient stage including the GENIV type of reactors which will be able to burn depleated uranium and to minimize the amount of ultimate long live wastes. In the longer term, nuclear fusion seems to be even more attractive promising a production of energy with no limit on fuel materials and limited nuclear waste in the production cycle. However this attractive goal faces scientific and technical challenges which will not be easily overcome and require advanced investigations. In parallel, the common points between different possible routes, and the possibility of joining forces appear as strong assets. The aim of the present contribution will be to address both the challenges and the possible synergies.
